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Abstract 
Assemblages of diatoms, microscopic golden algae with siliceous frustules, 
have been used to assess the trophic states of lakes, ponds and bays. The trophic 
history of Sodus Bay, Wayne County, New York was investigated through 
identification and enumeration of diatom valves preserved in a 1-meter sediment core 
extracted from the Bay. Total phosphorus analysis also was performed. Removed 
with a KB corer in May 1998, the core was sectioned into 1 cm samples, which were 
freeze dried and 210Pb dated. Coverslips were prepared using Battarbee trays. 
Diatom valves, some as old as 338 years, were examined in transects of mounted 
coverslips. Phosphorus concentrations of digested samples were determined using a 
Technicon Auto-analyzer. Phosphorus concentrations were highest from 1795 to 
1910 and in 1998. The Lake Trophic Status Index suggests that mesotrophic 
conditions existed from 1660 to 1681 and that eutrophic conditions developed in the 
ensuing centuries. These changes are consistent with settlement and the 
establishment of agriculture and shipping in the watershed. 
Vll 
Introduction 
Sediments continuously accumulate in lakes, with new layers covering the 
older deposits. In these sediments, remains of invertebrates, protists and chemical 
substances in dated sediment cores are often employed as indicators of past 
conditions of lakes (Smol, 2000). The siliceous valves of diatoms (Bacillariophyta) 
are commonly used as they do not readily decompose and they remain in the 
sediment many centuries after the living cells have died. Past lake conditions can be 
inferred by studying past diatom populations because each diatom species has 
particular environmental requirements. When combined with sediment dating, the 
history of the lake can be reconstructed using the environmental requirements for the 
diatoms found in the various periods. For example, Osborne and Moss (1977) 
correlated diatom complements to nutrient loading and macrophyte decline in Barton 
Broad, Norfolk, UK. Similarly, Fritz (1989) related the diatom composition and the 
trophic history of Diss Mere, Norfolk, U. K. to deforestation and agriculture. Christie 
and Smol (1992) in Ontario, Canada, Davis et al. (1994) in northern New England 
and Whitmore (1989) in Florida related diatom distributions to environmental 
variables such as total nitrogen and pH. 
Sodus Bay has a distinct basin separate from Lake Ontario. The people of the 
Cayuga Nation had long been familiar with Sodus Bay as a summer camping ground 
when the French first explored it in 1620. That exploration heralded the arrival of 
traders and missionaries to the Bay. Its desirability as a port led to permanent 
settlement of the watershed in 1794 with subsequent deforestation and the 
establishment of agriculture. Access to markets with the opening of the Erie Canal 
(1825) encouraged the growth of agriculture, which undoubtedly contributed to non-
point source pollution of the Bay. The later arrival of the railroad, shipping and other 
businesses, and an increased population, caused further changes in the watershed. 
Within a few hundred years, modem civilization has had a tremendous impact on 
land use in the Sodus Bay watershed. This study investigated the impacts of the 
human population on the trophic status of Sodus Bay using microfossils of diatoms 
from a 102 cm sediment core taken in 1998. 
History of Sodus Bay 
Sodus Bay, the largest embayment on the southern side of Lake Ontario (area, 
13.79 km2; mean depth, 5.19 m), was formed as the Wisconsin period glaciers 
retreated. The topography of the watershed is flat except for drumlins over underlying 
rocks consisting of limestone, hematite and sandstone (Jacobs, 1979). The Bay (Fig. 
1) contains the outlets of First, Second, Third, Sodus and Clark Creeks in a watershed 
totaling 30,500 acres (Williams, 1988). At the tum of the twenty-first century, Sodus 
Bay is used primarily as a recreational body of water, but the Bay has seen other uses 
through time. 
Figure 1. Sodus Bay entrance. Sand Point in center (Jacobs, 1979). 
?. 
Native American people of the Iroquois Confederacy used the Osenodus 
( silvery waters) area as a summer hunting ground. French explorers, traders, and 
missionaries, knew about this Bay of the Cayugas by 1620 and by 1687 French troops 
were garrisoned at Sodus Bay. 
In 1794, years after the Revolutionary War and the defeat of the British, 
Captain Charles Williamson arrived planning to build a great city and port at the Bay. 
Most of New York between Sodus Bay and the Genesee River had been purchased by 
European capitalists and became known as the Pulteney Estate (Cook, 1915). 
Williamson was their agent. Roads were constructed and plots of land were 
surveyed. By 1800, some forest and farm products were shipped from a small port 
called Sloop Landing. Among the Bay settlers was William Helms from Virginia who 
brought seventy slaves to run his plantation on the eastern shore in 1796. Colonel 
Figure 2. Aerial view of the Clyde River, Wayne County (Jacobs, 1979). 
1 
Peregrine Fitzhugh settled south of the Bay in 1803 and soon freed his slaves, giving 
them land east of the Bay. The area was heavily forested, much as in this present day 
picture of the Clyde River (Fig. 2). 
Potash was produced as the early settlers cleared the forests (Mau, 1958). The 
pioneers ran several mills on the creeks leading to the Bay. In 1823, the "Shakers" 
purchased 1450 acres of land with Second and Third Creeks running through it. In 
addition to erecting buildings, they cleared forest for gardens, orchards and dairy 
farming. When the Erie Canal opened in 1825, traffic was diverted south of the Bay. 
General W. H. Adams began constructing a canal in 1841 that was intended to 
connect either the Clyde River or the Erie Canal to the Bay, but after Adams' death it 
was never completed (Green, 1947). 
A lighthouse was built on the west side of the Bay in 1825 (Fig. 3) and the 
nearby entrance to the Bay was changed in 1834 with the construction of a rock pier. 
Figure 3 also shows the shoreline progression after the pier was completed. The 
lighthouse was replaced in 1871 and by 1901 a new beacon was operating from the 
pier (Sodus Bay Historical Society, undated). In the 1870s, after three-:quarters of a 
century of floating bridges and ferries, a stable bridge was constructed across the 
southern end of the Bay. 
By the latter half of the 1800s, there were many small businesses in the Bay 
area. Salt springs near First Creek were used to manufacture salt during the 1830s 
and in 1881. In the early 1880s, the American Malting Company malt house was 
established with a seven-story grain elevator over the bay. Enough barley was stored 
there to produce 600,000 bushels of malt a year until the first two decades of the 
twentieth century when the malt house was used only for the storage of locally grown 
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produce and ice. From 1940 until 1986, the Genesee Brewing Company operated the 
malt house, producing 1.5 million bushels of malt per year (Sodus Bay Historical 
Society, 1994; Fig. 4). 
In 1871, the Sodus Point and Southern Rail Road reached the bay (Fig. 5). 
The following year, ships began taking on coal from the trains at a 400-foot long 
trestle built on the west side of the Bay. In 1927, the coal trestle was expanded to 800 
feet long (Fig. 6, 7, and 8). Each year a twenty-one foot deep channel was dredged, 
from the Bay entrance to the trestle. The channel was 150 feet wide, a half-mile long 
and led to a seven hundred foot turning basin of the same depth (Yancy, 1972). The 
trestle ran day and night and business people, as well as homeowners, complained 
about coal dust produced in its operation (Yancy, 1972). 
Figure 4. The malt house during the time of its operation by the 
Genesee Brewing Company ( Courtesy Sodus Bay Historical Society). 
At least one train car tipped and lost its coal near the Bay (in 1957). The coal 
was left where it fell, about 50 yards from the Bay, even when a road was put in at 
that location (John Crane, Sodus Point Resident, telephone interview, 1998; 
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Appendix 1). By 1964, when trestle use was discontinued, 2.5 million tons of coal 
were shipped annually (Sodus Bay Historical Society, undated). 
Figure 5. Route map of the Sodus Point and Southern Railroad (heavy, dark blue 
lines), Lake Ontario (top), Sodus Bay (below x) and coal fields (purple toward 
bottom) (http://rs6.loc.gov/cgi-bin/query/D?gmd:1:./temp/-ammem_3dkL::). 
Fire destroyed the trestle in 1971 (Fig. 9), necessitating removal of the 
structure and clean up of the Bay. Coal fragments still remain in the train yard and in 
the water, but a marina now occupies the site of the former trestle (Fig. 10). During 
the mid-1800s, iron ore was processed in the town of Sodus (Allen, 1972) before 
being shipped from a small dock (Figs. 3 and 11 ). 
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South of the Bay is Ridge Road. This natural ridge, formed by the melting of 
the glaciers, was a path used by native people. After the War of 1812, bridges were 
built along the length of the road. By 1825, the native trail was a stagecoach route. 
Figure 6. Picture taken from atop the coal trestle. The Bay can be seen on both 
sides of the trestle (Courtesy Sodus Bay Historical Society). 
Figure 7. The loading area of the coal trestle. (Courtesy Sodus Bay 
Historical Society). 
During the first quarter of the twentieth century, Ridge Road was rebuilt and 
resurfaced to accommodate automobiles. At the same time, a trolley brought 
passengers from Rochester to Sodus Bay, leading to the construction of summer 
residences (Jacobs, 1979). 
Extreme weather conditions, including the relentless snow during the winter 
of 1876-1877, have been reported at the Bay. Flooding brought water into Sodus 
Figure 8. Coal boat being loaded (foreground), and malt house (upper left) (Courtesy 
Sodus Bay Historical Society). 
Figure 9. The coal trestle fire of 5 November 1971 
(Courtesy Sodus Bay Historical Society). 
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Point in 1908 and caused the loss of cottages on Charles Point in 1929, but the water 
was noticeably low in 1931 and in 1942 (Williams, undated). There were heavy 
snows and rains at the end of the 1940s and early 1950s, with water levels low again 
by the end of the 1950s. Hurricane Agnes (1973) brought more destruction to 
Charles Point as well as improved fishing to the Bay (Williams, undated). 
HARBOR COAL TRESTLE ANO MALT HOU SE. SODU S POINT . N. Y. 
Figure 10. Post card of the Bay, the coal trestle and the malt house 
(Courtesy Sodus Bay Historical Society). 
Figure 11. The iron ore shipping dock (Courtesy Sodus Bay Historical Society). 
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For years sailors and residents were unconcerned about what was dumped into 
the Bay. Until the 1950s some outhouses were directly over the Bay (Fig. 12) and 
some toilets emptied directly into the Bay. Sewers were not installed until the mid 
1970s, but serviced only 25% of residences around the Bay. Septic systems were 
present for other houses and businesses. 
Wayne County has long been an agricultural area. The Iroquois grew fruit 
and crops and settlers brought new varieties to the area. In the early 1800s, wheat, 
wool and beef were the major products. By 1850, fruit was commercially important 
and farmers dried their apple crops in dry houses. In Sodus in 1858, there were 
29,964 acres of "improved" land. Around 1900, large farms were organized (Fig. 13) 
and the practice of spraying fruit trees was established. 
The first cannery in the county, the Wayne County Preserving Company, was 
established in Newark in 1863. The Hemingway Preserving Company began 
operations in Clyde in 1876 and had a second operation in Lyons from 1911-1936. 
The Wayne County and Hemingway Preserving Companies ceased operations in 1973 
and 1976, respectively. A factor in the closing of the latter was the high cost of 
improving facilities to meet waste disposal standards. C.B. Foods began operations in 
Alton at the beginning of the twentieth century, first drying apples, latter canning 
fruits and vegetables (Food Processing in Wayne County, 1977). By the middle of the 
twentieth century, many canneries were established (Jacobs, 1979). 
The Bay has had excessive macrophyte growth throughout the twentieth 
century. In the 1950s and 1960s concern over the abundance ofmacrophytes resulted 
in aerial spraying (Richard Randley, Sodus Historian, telephone interview, 2000) of 
"aquacides" (Diquat) (Pearl Rook, former Sodus Point Resident, telephone interview, 
11 
1998). In 1966, the rare and beautiful North American Lotus, which had come under 
the protection of state laws in 1934, was inadvertently destroyed with herbicides (The 
Lotus, 1983). In 1988, nuisance weed harvesting was implemented (Williams, 1988). 
A 1973 study found high rates of erosion of cultivated land in the watershed 
Figure 12. A privy over water similar to those over Sodus Bay (Husted, 1976). 
Figure 13. Sodus apple farm (Jacobs, 1979). 
(Benton, 1973), while a 1982 study found that the Sodus Creek watershed 
contributed a high level of phosphorus per acre of cropland to Lake Ontario (Soil 
1?. 
Conservation Service, 1983). Sixty-seven percent of Wayne County land was 
farmland by 1969 (Higgins and Neeley, 1978; Fig. 14). By the early 1990s, Sodus 
Bay was classified as a eutrophic body of water (Makarewicz et al., 1992; Cady and 
Makarewicz, 1993). 
Figure 14. Aerial picture of Wayne County west of Sodus Bay (Jacobs, 1979). 
Methods 
A sediment core was taken with a K-B Gravity Corer at the deepest part of 
Sodus Bay (11.4 m, 43° 15' 6.87"N, 76° 57' 28.57" W) (Fig. 1) from the SUNY 
Brockport Research Vessel Madtom on 13 May 1998. In the lab the 4.76 cm 
diameter, 102 cm long core was hydraulically extruded, cut into 1 cm samples and 
placed in preweighed containers. Weighed samples were freeze-dried and dated by 
the CIC and CRS models using the 210Pb activity profile (Turner, 1998; Appendix 2). 
The average sedimentation rate and uncompacted midpoints were used to estimate 
the ages of samples where 210Pb activity was at background (below the 48 cm sample) 
(Yang et al., 1993). 
n 
For diatom analysis, portions of every fourth sample (plus 1, 2, 33, 95, and 
102 cm samples) were cleaned by boiling with 30% hydrogen peroxide and distilled 
water in beakers. Cooled beakers were refilled with water, allowed to settle then 
decanted and refilled twice (Hamish Duthie, University of Waterloo, telephone 
interview, 1996). After the final decanting, diatom mixtures were poured over round 
coverslips in Battarbee Trays and allowed to evaporate on a warming tray (Battarbee, 
1973). Dry coverslips were mounted on slides using Pleurax mounting medium. The 
diatoms in a transect of each of four coverslips per sample were enumerated with a 
Bausch and Lomb Bal plan microscope at 1 OOOx using phase contrast. Valve 
fragments at least half the size of a valve were counted as entire valves. 
Identifications were based principally on Patrick and Reimer (1964), Dodd (1987) 
and Round et al. (1999). Dr. Eugene Stoermer of the University of Michigan 
confirmed the identifications of small centric diatoms. Systematics are based on 
Stoermer et al. (1999). Lake Trophic Status Index (LTSI) was calculated using the 
formula of Yang and Dickman (1993): LTSI=2.643-7.575 log [(0% + OM% + 
M%)/(E% +ME%+ M%)] where O = oligotrophic, OM= oligomesotrophic, M = 
mesotrophic, ME = mesoeutrophic and E = eutrophic. Cluster analysis of diatoms 
found in at least 1 % of five samples was performed using Euclidian distance with 
Ward's method. Spearman Rank Correlation between LTSI and time was performed. 
Diatom images were made using film and electronically with Leica software. 
Pictures of core collecting and processing, and images of diatoms are found on the 
included CD-ROM (Appendix 3). 
For phosphorus analysis, samples were digested after the method of Plumbe 
(1981). One-tenth of a gram of homogenized sediment was placed in each of three 
14 
Erlenmeyer flasks with a small amount of distilled water. Concentrated H2S04 (5 ml) 
and concentrated N03 (25 ml) were added to each flask, with mixing between 
additions. Samples were heated slowly until white fumes were observed and some 
evaporation had occurred. After the samples cooled for two minutes, 25 ml of 
distilled water was added to each flask. Concentrated NaOH was added to raise the 
pH of the samples above 8.3, and then IN H2S04 was added to the samples to pH 8.3. 
pH was measured with a Beckman pill 45 pH meter. After neutralization, samples 
were filtered through a 0.45 micron filter to remove particles. Five standards with 
concentrations from 93-992 µg P/L were prepared in the same manner as the 
sediment samples. Standards and samples were analyzed with a Technicon Auto-
analyzer at 880 nm (Technicon Industrial Method #155-71 W). 
Results and Discussion 
Autecology of Selected Diatoms 
Diatoms in this study represented 149 species and varieties from 36 genera 
(Appendix 4). Several of these, important to this study, are discussed in detail below. 
Morphology was studied by drawing diatoms found on pre-made slides and 
comparing them with illustrations and keys. Diatoms were individually identified, by 
examining the number and arrangement of valve structures. While difficulties may 
arise in identifying small Stephanodiscus species, accurate identification was 
achieved with the assistance of digital images from Dr. Stoermer and the use of a 
high quality, recently adjusted microscope to show fine details. Although many 
diatoms have been reclassified using the electron microscope, taxonomy was 
determined by comparison with light microscope images and former names (Round et 
al, 1990). 
Cyclotella comta (Fig. 15) has been found in presettlement flora (Carney, 
1982) and in lakes with relatively low phosphorous concentrations and high 
transparency (Brugam, 1983). While common in oligotrophic to mesotrophic lakes, 
its abundance declines with degraded water quality (Stoermer and Ladewski, 1976). 
Punctastrata pinnata (Fig. 16) and Staurosirella pinnata also exist during the 
presettlement period of small lakes and in oligomesotrophic and mesotrophic lakes, 
(Yang et al., 1993). 
Figure 15. Cyclotella comta 
Aulacosiera granulata (Fig. 17) has been reported in recently perturbed lakes 
(Carney, 1982), as well as in eutrophic lakes (Yang et al., 1993; Fritz, 1989; Brugam, 
1983 and Hall et al., 1999). Eugene Stoermer's (University of Michigan, e-mail to 
the author, 2000) explanation for this apparent discrepancy is that mixing under 
conditions of moderate disturbance provides enough enrichment for this diatom to 
dominate bodies of water that are not yet eutrophic. Fragilaria crotonensis (Fig. 18) 
is also dominant in recently disturbed lakes (Camey, 1982). While found under a 
range of conditions (Stockner and Benson, 1967; Stoermer and Ladewski, 1976), its 
abundance increases and it competes well for silica with eutrophication (Brugam, 
1978). Yang et al. (1993) determined F. crotonensis to be pollution tolerant, but 
reduced near very polluted harbors (Stoermer and Yang, 1970). 
16 
Low level eutrophication is favorable for Stephanodiscus alpinus (Fig.19); 
however, its abundance decreases with increased disturbance (Yang et al., 1993; 
Stoermer and Kreis, 1980). Small Stephanodiscus are more abundant with increased 
enrichment, competing especially well when high phosphorus levels lower the Si:P 
Figure 16. Punctastriata pinnata (Round, 1990). 
Figure 17. Aulacosiera granulata 
Figure 18. Fragilaria crotonensis 
ratio (Camey, 1982). Two of these, S. hantzschii (Fig. 20) and S. parvus (Fig. 20) 
respond rapidly to increased nutrient enrichment (Stoermer and Kreis 1980) from 
17 
sources such as creamery effluent (Anderson, 1989), house construction and pig farm 
runoff (Camey, 1982). 
Figure 19. Stephanodiscus alpinus 
Figure 20. Stephanodiscus hantzschii and Stephanodiscus parvus 
Age of the Core 
Lead 210 dating indicated that the 48 cm sample was from 1882 (CICl 
model) with an average sedimentation rate of 0.84 cm/yr. The bottom sample, 102 
cm, is estimated at 338 years BP (1660). The CIC2 model results were in close 
agreement with the CICl model. The oldest determination made using the CRS 
model was 1917 for the 45 cm sample (Turner, 1998; Appendix 1); however, the CRS 
model is considered less reliable in the lower depth of the chronology (Turner and 
Delorme, 1996). 
Phosphorus 
Total phosphorus concentrations varied from 575.4 µg Pig sediment to 0.0 µg 
Pig sediment (Fig. 21). The concentration and sedimentation rate of phosphorus 
( concentration multiplied by grams sediment per sample) (Fig. 21) increased after 
1795, decreased by 1910 and remained low for most of the twentieth century. They 
increased with the arrival of settlers (1794) in the watershed. Although the 
phosphorus concentration and sedimentation rates declined in the early twentieth 
century, the LTSI rose (Fig. 21 ). Eutrophication of the Bay, with consequent 
recycling of phosphorus into an anoxic hypolimnion, could explain this reduction in 
sedimentary phosphorus (Anderson and Rippey, 1994). Other factors such as 
turbulence and light penetration may also influence diatoms, lessening the strength of 
diatom-phosphorus inferences (Hall and Smol, 1996). The sudden increase in 
phosphorus in the 1998 sample could be attributed to vertical migration of 
phosphorus from lower sediments (Carignan and Flett, 1981). An elevated 
phosphorous level in the recent sediment is consistent with the dominance of 
eutrophic indicators Stephanodiscus hantzschii and S. parvus therein (Anderson, 
1989). 
Diatom Analysis of the Core-General 
Increased eutrophication of the Bay between 1660 and 1998 is evident from 
the trophic state graphs and the LTSI. A Spearman rank correlation showed a 
significant correlation between LTSI and time. P was just below .05 (r = .37, n = 
31 ). Cluster analysis produced few recognizable groupings (Fig. 22). This may be 
the result of a small Bay responding to many individual events in the watershed 
(Joseph Makarewicz, SUNY Brockport, personal communication, 2000). Also, 
counting transects from four slides yielded few diatoms in many instances. For 
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Figure 21. Phosphorus Concentration, Phosphorus Sedimentation, Lake Trophic 
Status Index and Percent Cyclotella michiganiana. 
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Figure 22. Cluster analysis of diatoms appearing in at least 1 % of 5 samples. 
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example, only twelve were observed in the 1913 sample. This could have affected 
the outcome of this analysis. 
Diatom Analysis of the Core-1660 to 1681 
Cluster analysis revealed a similarity m the diatom community from 
sediments during the 1660 to 1681 period, the earliest in the core (Fig. 22). For this 
?.1 
period, the Lake Trophic Status Index values (3.2 to 4.3; Fig 21) suggest mesotrophic 
conditions in the Bay. The mesotrophic indicator Cyclotella michiganiana (mean, 
4%; range, 0-6% abundance; Fig. 21) and the mesotrophic-eutrophic Aulacosiera 
italica (mean, 5%; range, 3-6%; Fig. 23), were prevalent, while mesotrophic 
Fragillaria crotonensis, (Fig. 23) and Punctastriata pinnata (Fig.23), and eutrophic 
Stephanodiscus niagarae (Fig. 23) were observed in lower abundance (mean, 3%; 
range, 0-9%). Interestingly, there was a high percent of A. granulata (mean, 52%; 
range, 39-64%; Fig. 24), a species previously linked to initial watershed disturbance 
(Yang et al., 1993). It is a cosmopolitan diatom, and was not assigned a trophic 
status in this analysis (Joseph Makarewicz, SUNY Brockport, personal 
communication, 2000). 
During the late 1600s, moderate enrichment of the bay was possible. The land 
of Wayne County originally belonged to the Cayuga people who likely used it for a 
hunting ground and not a permanent settlement. Native people did not settle near 
large bodies of water as they felt it less difficult to protect inland homes (Clark, 
1883). The Bay was probably "discovered" by Samuel de Champlain or another 
French explorer about 1620 (Clark, 1883). Following this, French traders and 
missionaries used the Bay as a thoroughfare to native villages on Cayuga Lake to the 
south (Green, 1947). English settlers were still east of the Bay (Mau, 1958). In 
summary, between 1660 and 1681, the diatom community indicated that the Bay was 
in a mesotrophic state, reflecting some initial watershed disturbance. 
Diatom Analysis of the Core-1681 to 1724 
For the period from 1681 to 1724, the Lake Trophic Status Index values ( 4.1-
?.?. 
Figure 23. Percent of Aulacosiera italica, Fragilaria crotonensis, Punctastriata 
pinnata, Stephanodiscus niagarae. 
Aulacosiera italica 
Percent 
0 20 
1998 -
1978 -
1958 
1938 
1918 
1898 
1878 
1858 -
1838 
Year 1818 -
1798 -
1778 -
1758 
1738 -
1718 
1698 
1678 -
1658 
Punctastriata pinnata 
Year 
Percent 
0 20 
1998 ---~~~-, 
1978 
1958 
1938 
1918 
1898 
1818 
1798 
1778 
1758 
1738 
1718 
1698 
1678 
1658 
?3 
Fragilaria 
crotonensis 
Percent 
40 0 20 
1998 
1978 
1958 
1938 
1918 
1898 
1878 
1858 
1838 
Year 1818 
1798 
1778 
1758 
1738 
1718 
1698 
1678 
1658 
Sfepanodiscus 
niagarae 
Percent 
0 20 
1998 
1978 
1958 
1938 
1918 
1898 
1878 
1858 · 
1838 
Year 1818 -
1798 
1778 
1758 · 
1738 
1718 
1698 
1678 
1658 
Figure 24. Percent of Aulacosiera granulata and A. ambigua. 
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5.7; Fig. 21.) and the percent of eutrophic diatoms indicated a shift toward eutrophic 
conditions. The mesotrophic diatoms (Fig. 25)A. ambigua (mean, 7%; range, 2-16%; 
Fig. 24), and Punctastriata pinnata (mean, 7%; range, 2-11%; Fig. 23) represented 
over 14% of the diatoms. However, the mesotrophic-eutrophic indicator A. italica 
(mean, 14%; range, 3-20%; Fig. 23) was the most common diatom, and with the 
increase in relative abundance of the eutrophic S. niagarae (mean, 7%; range, 0-11 %; 
Fig. 23) in the core, a shift in trophic status is evident. A. granulata (mean, 8%; 
range, 2-13%; Fig. 24), so prevalent deeper in the core, decreased in abundance. This 
shift in trophic status appears to correlate with the increased presence of Europeans 
?.4 
in the watershed. Although accounts of those times are fragmentary, a Cayuga man 
reported in 1687 the arrival of 2000 French soldiers and 1000 native recruits at Sodus 
Bay. In 1709, Sieur de Joncaire sent a letter from Sodus Bay to the commandant at 
Fort Frontenac in Canada (Green, 1947). Afraid of an unnamed enemy, de Joncaire 
had sent his soldiers from the Bay to Frontenac. Green (1947) accepts this letter as 
proof that there were defenses, possibly a permanent fort at the Bay in 1709. He 
suspects that at that particular time, there was a company or regiment of soldiers at 
the Bay. The French wished to protect their territory south of Lake Ontario from 
British occupation. The French Governor of Canada sent a threatening letter to the 
English governor of New York in 1727, mentioning strongholds such as the "fort at 
Sodus Bay" (Green, 1947). Sodus Bay was recognized as a safe harbor, deep enough 
for trading vessels. It is likely that trade, military activity and disturbance of the 
watershed were increasing at this time. There already were French trading posts, one 
on the Niagara River, built in 1683-1684, and one at Oswego built in 1729 (Cowles, 
1895). In 1728, Messrs. De Beauharnois and d' Aigremont petitioned France to 
construct a new fort at Sodus Bay (Green, 1947). In summary, heightened activity in 
the watershed after 1681 led to a shift in the trophic state of the Bay with an increase 
of mesotrophic-eutrophic and eutrophic diatoms. 
Diatom Analysis of the Core-1724 to 1896 
During the period from 1724 to 1896, the Sodus Bay watershed underwent 
striking changes. The French and Indian War gave way to the American War of 
Independence, native populations were decimated by Europeans, and orchards 
replaced forests. The LTSI varied from 4.4 (1832) to 7.4 (1814) (Fig. 21), staying 
mostly in the eutrophic range above 5.4 (Yang and Dickman, 1993). This portion of 
?.'; 
Figure 25. Percent of diatoms by trophic state. 
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the core is dominated by the mesotrophic-eutropic species (Fig. 25) Aulacosiera 
italica (mean, 14.8%; range, 6-25%; Fig. 23), Stephanodiscus alpinus (mean, 4.6%; 
range, 0-9%; Fig. 26) and Tabellaria fenestrata (mean, 2%; range, 0-5%; Fig. 26). 
The increased presence of eutrophic Stephanodiscus niagarae (mean, 10.2%; range, 
4-20%; Fig. 23) and Navicula seminulum (mean, 1.5%; range, 0-4%; Fig. 26) from 
the previous period and an overall decline in the percent of mesotrophic species (Fig. 
25) Cyclotella comta (mean 6.1 %; range, 0-17%; Fig. 26), Punctastriata pinnata 
(mean, 3.7%; range 0-11%; Fig. 23), Staurosira construens (mean, 1.4%; range, 0-
6%; Fig. 26) and Staurosirella pinnata (mean, 1.4%; range, 0-5%; Fig. 26) show 
increased enrichment of the Bay. The proportion of Aulacosiera granulata (mean 
9. 6%; range 1-21 %; Fig. 24) is much lower than at the bottom of the core. 
The military presence continued, as tensions existed between the French and 
British through the first half of the eighteenth century, involving several small wars, 
culminating in the loss of French domination in 1754. While there were no settlers in 
Wayne County during those years, there was an undetermined number of soldiers, 
and a continual succession of traders and missionaries. The shores of the Bay served 
as a meeting location and campground for members of the Iroquois Confederacy, 
which included the Cayuga tribe and five other tribes (Clark, 1883). On their way to 
what would be the final defeat of the French at Fort Niagara, British troops from 
Schenectady stopped at Sodus Bay on July 2, 1759 (Pound, 1945). When Williamson 
arrived in 1794, he built roads leading to the Bay from what are now Palmyra and 
Phelps and sold the timbered land to farmers. Along with others, he established mills 
and several businesses as well as wharfs on the Bay (GRIP'S, 1905). The Helms 
family and seventy slaves arrived in 1796, the slaves clearing one hundred acres 
?.7 
Figure 26. Percent of Stepanodiscus alpinus, Tabularia fenestrata, Navicula 
seminulum, Cyclotella comta, Staurosira construens and Staurosirella pinnata. 
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around the Bay (Cowles, 1895). Colonel Peregrine Fitzhugh arrived with forty family 
members and slaves in 1803. His freed slaves cleared land when they made their own 
colony on the east side of the Bay (Cook, 1915). By 1804, there were 53 voting men, 
in addition to women, children and slaves in the Sodus area (Mau, 1958). An idea of 
the explosive growth of the area can be obtained from old census figures (Table 1). 
Table 1. Population of Wayne County, New York during the nineteenth century 
(Cowles, 1895). 
1800 
1810 
1820 
1830 
1840 
1410 
6575 
20,309 
33,643 
42 057 
1850 
1860 
1870 
1880 
1890 
44,953 
47,762 
47,710 
51,700 
49 729 
The settlers cleared forests by cutting and burning the trees, using the ashes to 
produce potash and later timber and firewood for sale (Cowles, 1895). Each year 
more land was cleared and tilled as illustrated in Fig. 27. Based on current 
knowledge, road-building and clear-cutting of forests would lead to loss of soils 
containing the nutrient phosphorus-the limiting factor in algal growth (Bormann and 
Likens, 1979). 
By 1812, lines of wagons were bringing goods to the port at the Bay. When 
war broke out that year, local volunteers formed a militia, as the port was considered 
so important (Cowles, 1895). In 1813, the area that is now known as Sodus Point on 
the West side of the Bay, was burned by British troops. In the recounting of the 
incident, we are told that the point was mainly covered with trees then, but there were 
two warehouses, a building that served as a home and store, several other houses and 
several other buildings (Cook, 1915). Opening in 1825, the Erie Canal promoted 
?.9 
agriculture by providing a cheaper, faster way to ship goods to market, and by the end 
of the settlement period (1850) agriculture was firmly established there (Mau, 1958). 
Products were shipped from the Bay (Higgins and Neeley, 1978). During the 1840s 
and 1850s, there were two shipyards. This attracted hundreds of people to their boat 
launches each summer, and there were docks where grain and wood were stored for 
lake vessels (Cook, 1915). Railroad construction began in 1853, but went unfinished 
for lack of funds. In 1858, Wayne County had an interesting list of livestock and 
products (Table 2). The large number of swine, cattle, sheep and horses suggest the 
potential for manure, thus nutrients, to enter the Bay. 
Figure 27. The progression of a settler's land during the pioneer period of Central 
New York; (left to right, top to bottom) the year of settlement, after one year, after 
ten years and after 45 years (Mau, 1958). 
A ferry service across the Bay was initiated in 1859 (Cowles, 1895), and a 
bridge was constructed over the south end of the Bay in 1871 and, the Sodus Point 
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and Southern Railroad reached the Bay ( Green, 194 7). In 1872, a coal trestle was 
completed that sent out over 32,000 tons of coal yearly, while bringing workers and 
ships to the bay. It is not known if the coal trestle directly affected the diatoms in the 
Bay. Curran et al, (2000) documented mineral runoff from coal piles and previously 
Wong et al. (1978) demonstrated metal toxicity to a diatom species. 
Table 2. Livestock and products of Wayne County in 1858 (Cowles, 1895). 
14,928 horses 
21,695 oxen and calves 
104,845 sheep 
29,799 swine 
45,272 tons of hay 
289.734 bushels winter wheat 
13,065 yards of cloth 
509,626 bushels of apples 
261,403 bushels of potatoes 
1,446,080 pounds of butter 
163,764 pounds of cheese 
1,918.573 bushels spring wheat 
In the late 1800s the Sodus Bay Club was organized and part of the Sodus 
Point public square was graded and cultivated~ new homes and cottages were built. It 
has been written that the progressive spirit carried in every direction around the Bay 
(Cook, 1915). Near the trestle, beginning in 1880, 600,000 bushels of malt was 
produced annually at Colonel Parson's malt house. A Guild Hall was built at Sodus 
Point in 1893 (Cook, 1915). By 1895, 275,000 of the 356,513 acres in Wayne County 
had been "improved" (Cowles, 1895). In summary, the LTSI and the composition of 
the diatom community was most often in the eutrophic range from 1724 to 1896, as 
the watershed changed from one inhabited by native people and warring colonial 
soldiers to a settled center of agriculture and shipping. 
~1 
Diatom Analysis of the Core-1896 to 1980 
From 1896 to 1980, the LTSI varied from 2.6 (1907 and 1913) to 11.0 (1946; 
Fig. 21) well into the hypereutrophic range (Yang and Dickman, 1993). An increase 
in the percent abundance of the dominant mesotrophoic-eutrophic diatoms 
Aulacosiera italica (mean, 14.9%; range, 4-30%; Fig. 23) and Stephanodiscus alpinus 
( mean, 3. 0%; range, 0-11 %; Fig.25) was evident from the previous period. Eutrophic 
indicator species S. parvus (mean, 5.4%; range, 0-14%; Fig. 28). Stephanodiscus 
hantzschii (mean, 4.2%; range, 0-11%; Fig.27), and S. niagarae (mean, 1.8%; range, 
0-5%; Fig. 23) also increased, while a decline was evident in the percent abundance 
of mesotrophic species Fragilaria crotonensis (mean, 4.3%; range, 0-17%; Fig. 23), 
Punctastriata pinnata (mean, 2.1 %; range, 0-9%; Fig. 23) and Amphora perpusilla 
(mean, 1.4%; range, 0-15%; Fig. 28). The oligotrophic-mesotrophic Cyclotella 
michiganiana (mean, 2.0%; range, 0-14%; Figure 20) was important in two samples 
(1907 and 1910) and the cosmopolitan Aulacosiera granulata (mean, 13.3%; range, 
4-23%; Fig 24) was again present. 
Early in the twentieth century, Sodus Bay was a thriving resort, accessible to 
city dwellers by trolley. Although many tourists visited the Bay, the LTSI (2.6; Fig. 
21) suggested that the Bay was in the oligomesotrophic range (Yang and Dickman, 
1993). The efforts of the Sodus Bay Improvement Association, founded in 1909 by 
railroad executive H. A J aggerd, to improve Bay conditions may have been a factor. 
In 1910, the park at Sodus Point was graded and landscaped, and sidewalks were 
installed. By 1915 the Bay Improvement Association, 100 members strong, removed 
piles from the Bay and worked to eliminate mosquitoes and improve sanitary 
conditions. In the early 1900s, the summer population of Sodus Point was three 
Figure 28. Percent of Stephanodiscus hantzschii, S. parvus, and Amphora perpusilla. 
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thousand people and there were five grocery stores, three hotels, and a Yacht Club 
House (Cook, 1915). 
By 1924 the LTSI (Fig. 21) rose to 6.3, indicating eutrophic conditions (Yang 
and Dickman, 1993). Although the tourist boom subsided with the growing 
popularity of the automobile in the 1920s (Sodus Point, 1977), cottages and the golf 
course were built which may have influenced the rising L TSI. The Bay still served as 
a port, and in 1927, the length of the coal trestle was increased to 800 feet, tonnage 
shipped increased, and a storage yard for 1200 train cars was added (Yancy, 1972). 
The continued importance of agriculture led to the Alton Canning Company opening 
in 1928. The cannery discharged water into Second Creek, a tributary of Sodus Bay, 
turning it pink, for example, on beet processing days (Eugene Seymour, Sodus Bay 
Historical Society President, personal communication, 2000). In 1936, the malt 
house resumed operations after a thirty-six year hiatus, with barley-soaking water 
discharged directly into the Bay. During the 1930s and 1940s all toilets on Sand 
Point (Fig. 3) flushed directly into the Bay, while runoff from small dairy farms was, 
and continues to be, unregulated. With so many disturbances, the LTSI (11.0, Fig. 
21) was in the hypereutrophic range (Yang and Dickman, 1993) by 1946. 
The diatom-based LTSI fell to 9.4 (eutrophic) in 1955, dropped to 6.5 
(eutrophic) in 1964, and declined further to 5.0 (mesoeutrophic; Yang and Dickman, 
1993; Fig. 21) in 1973. By 1969, Wayne County had 170,303 acres of cropland, 
23,966 acres of pasture, 31,265 acres of farm woodlots and 34,706 acres of farm 
buildings, farmlanes and idle nonwood areas (Higgins and Neeley, 1978). Not only 
was the agricultural base of the county thriving, but also the human population grew 
from 57,323 (1950) to 78,714 (1970; Table 3). 
Table 3. Population of Wayne County and the Sodus Complex (Town of Sodus and 
Villages of Sodus and Sodus Point) in the 1900s (Brown & Anthony, 1968; Deborah 
Ferrell, Wayne County Historian, telephone conversation, 2000). 
Year Wayne County Sodus Complex 
1900 48,660 5,118 
1910 50,179 4,857 
1920 48,827 4,408 
1930 49,995 5,003 
1940 52,747 5,162 
1950 57,323 5,706 
1960 67,989 6,587 
1970 78,714 
1980 84,581 
1990 89 123 
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The reduction in L TSI is puzzling and may not be related to nutrient levels in 
the Bay. The reduction in the LTSI may be related to herbicide spraying of the Bay to 
control weeds in the 1950s and 1960s. (Richard Randley, Sodus Historian, telephone 
conversation, 2000). Diquat, the herbicide likely applied, is used to destroy aquatic 
macrophytes. Hoagland et al. (1996) reported that in a laboratory microcosm study, 
Melendez et al. (1993) found Diquat significantly more toxic to diatoms than to green 
algae. How those results apply to Sodus Bay can only be speculated upon as 
responses vary depending on the species, the herbicide and the amount of exposure 
(Tang et al., 1997, 1998; Nelson et al., 1999). However, it is likely that diatom 
composition was affected by the application of "aquacides". 
Another possibility for the reduction in the LTSI is weather. In 1973, 
Hurricane Agnes swept through the area and Williams (undated) reports flooding in 
1972 and 1973. Williams, in explaining that he found better fishing in those years, 
refers to the pollution of the bay being "less concentrated". Perhaps there was a 
reduced concentration of nutrients because of dilution, which would have led to the 
continued decline in the LTSI in 1973. By 1980 however, the LTSI (Fig. 21), 
increased to 5.9, a eutrophic condition (Yang and Dickman, 1993) in spite of sewer 
installation in 1976. The sewers served only one fourth of the residents around the 
Bay, the rest depending on sometimes ailing septic systems. During the period from 
1896 to 1980, the trophic state of the Bay varied from oligomesotrophic to 
hypereutrophic. Various factors affected the LTSI, including efforts to improve 
conditions at the Bay, the growth of industry and agriculture, herbicide spraying and 
flooding, but it is difficult to link these events directly with changes in the LTSI. 
Diatom Analysis of the Core-1980 to 1998 
Cluster analysis (Fig. 22) revealed similarities between the top three samples 
of the core (1994-1998). From 1980 to 1998 the LTSI (Fig. 21) was in the eutrophic 
range (Yang and Dickman, 1993) with values increasing from 5.6 to 7.2. The 
eutrophic diatoms Stephanodiscus hantzschii (mean, 8.8%; range, 3-16 %; Fig. 28), 
and S. parvus (mean, 13.75 %; range, 3-19%; Fig. 28) increased in percent abundance 
from the previous period. The mesotrophic-eutrophic diatoms, Aulacosiera italica 
(mean, 12.5%; range, 6-23%; Fig. 23) and Stephanodiscus alpinus (mean, 12.5%; 
range, 6-23 %; Fig. 26) and mesotrophic Fragilaria crotonensis (mean, 11.5%; range, 
6-18%; Fig. 23) also increased in percent abundance. During this period, Sodus 
Creek cropland runoff was high in phosphorus (Soil Conservation Service, 1983) and 
nutrient loading and water quality studies determined that Sodus Bay was a eutrophic 
body of water (Makarewicz et al., 1992; Cady and Makarewicz, 1993). Agriculture 
with its inherent runoff, continued to be important in the watershed, and in 1996 
Wayne County was New York State's leading producer of apples (15,502 acres) and 
tart cherries (1,729 acres) (http://www.nass.usda.gov/ny/bu1letin/Fruit/frt96.htm). 
The population affecting the Sodus Bay watershed likely grew, as did that of Wayne 
County, which was 89,123 in 1990 and reached 94,977 by 1998 (http://www. 
capitolimpact.com/gw/nycty/ny36117.html). Although it was still below the LTSI 
values for 1946 and 1955, the LTSI and the composition of the diatom community 
indicated a eutrophic state. Phosphorus from agricultural runoff and the growing 
population were likely responsible for the eutrophic state of Sodus Bay from 1980 to 
1998. 
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Summary 
The diatoms in this study reflected the changes in the Sodus Bay watershed 
between 1660 and the present. Lead 210 dating indicated that the 48 cm sample was 
from 1882 (CICl model) with an average sedimentation rate of 0.84 cm/year. The 
bottom sample, 102 cm, is estimated at 338 years BP (1660). Total phosphorus 
concentrations vary from 575.4 µg Pig sediment to 0.0 µg Pig sediment (Fig. 21). The 
concentration and sedimentation rate (Fig. 21) of phosphorus increased after 1795, 
decreased by 1910, and remained low for most of the twentieth century. 
Between 1660 and 1681 the Bay was in a mesotrophic state, reflecting some 
initial watershed disturbance. Aulacosiera granulata (mean, 52%~ range, 39-64%~ 
Fig. 24) sometimes associated with recently disturbed lakes was dominant. The L TSI 
(Fig. 16) was in the mesotrophic range. During the late 1600s, moderate enrichment 
could have resulted from the French presence at the Bay. 
For the period from 1681 to 1724, the LTSI values ranged from 4.1 to 5.7 
(Fig. 21.) indicating a shift toward eutrophic conditions. While the percent of 
mesotrophic diatoms increased (Fig. 25), heightened activity in the watershed after 
1681 led to increased percents of mesotrophic-eutrophic and eutrophic diatoms and a 
shift in the trophic state of the Bay. 
During the period from 1724 to 1896, the LTSI varied from 4.4 (1832) to 7.4 
(1814, Fig. 21) and mesotrophic-eutropic diatom species were dominant (Fig. 25). 
This era included deforestation for settlement, the establishment of agriculture, and 
the beginning of mills and the coal trestle. The watershed changed from one 
inhabited by native people and warring colonial soldiers to a settled center of 
agriculture and shipping. 
17 
From 1896 to 1980, the LTSI varied from 2.6 (1907 and 1913) to 11.0 (1946; 
Fig. 21) well into the hypereutrophic range (Yang and Dickman, 1993). Percent 
abundance of the mesotrophoic-eutrophic indicator species increased. Tourism and 
industry drew people to the Bay, while processing water, sewage and Diquat poured 
directly into the Bay or Second Creek. After reaching its high point in 1946, the Lake 
Trophic Status Index, declined until 1973. 
From 1980 to 1998, the LTSI (Fig. 21) was in the eutrophic range (Yang and 
Dickman, 1993) with values increasing from 5.6 to 7.2. Studies reveal high nutrient 
loading into the Bay (Makarewicz et al., 1992 and Cady and Makarewicz, 1993) and 
recent sediment contains an elevated phosphorus level and a high percent of the 
eutrophic indicators Stephanodiscus hantzschii and S. parvus (Anderson, 1989). 
Phosphorus in agricultural runoff and the growing population were likely responsible 
for the eutrophic state of Sodus Bay from 1987 to 1998. 
As the Sodus Bay watershed was altered from a forested region to a settled 
agricultural area over three centuries, the Bay changed from a moderately enriched to 
a eutrophic body of water. 
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Appendix 1. Carol Ritter article seeking information from Sodus Bay area residents. 
Scholar hopes to mi11e the memories of Sodus Bay oldtimers 
For her master's thesis in biology. 
Mary Arnold is doing a study of 
aquatic ecology in a local body of 
,-----~, water. 
C \1\01. 
nrrrER 
She is a gradu-
ate student at 
State University 
College at Brock-
port. Her first 
choice fora 
study location 
was Long Pond in 
Greece. She took 
a core sampling 
of sediment, bllt 
examination 
showed it had 
been disturbed and she needed to 
look elsewhere. 
Now Mary is focusing on Sodus 
Bay in Wayne County. She did a core 
sample there and has begun work on 
it. But she wants to get more infor-
mation from boaters and others who 
have known the bay for many years. 
"! want to talk to people who !mow 
about Sodus Bay as ii was in the ~"arl}• 
ioth century.and during the time 
when the old train trestle was there," 
Mary said. "l realize that many of the 
ix-ople would be quite elderly." 
Anyone who has fished the bay or 
lived on the shore for some time 
may be able to tell Macy about vary-
ing conditions over the years, and 
she wants to hear those stories in as 
much detail as possible. 
To reach her. call (716) 392-7645 
or send an e-mail message to 
ma9994@acspn.acs.brockport.edu. 
• Note to the person who took a 
wheelbarrow that was loaded with 
(Rochester Democrat & Chronicle, October 11, 1998) 
discarded carpeting in front of a 
house on Cole Avenue in Gates dur-
ing !he night Thursday: That wheel-
barrow wasn't being thrown out 
with the trash, and the owner would 
like to have it returned. 
II Rochester resident Gladys 
Laufer is recuperating at home from 
a hip fracture that happened in late 
August. Gladys, 89, had fallen on her 
porch and was lying there when a 
woman drove past, stopped. backed 
up her car and ran to help. 
"She saw my predicament and 
took charge." Gladys said 
"She called the ambulance and 
look care of everything." 
In her pain and confusion, Gladys 
didn't get the identity of the woman 
who had come to her aid. 
"But I think she said her name was 
Patty and she lived on a comer not far 
from me: said Gladys, who spent six 
w1.>eks al Park Ridge Hospital and is 
getting around now with the aid of a 
walker. She .... -ants her rescuer to know 
that she's doing well: 
'Tm so grateful to that woman." 
11 My friend Don Jones, who died 
unexpectedly this past summer, was 
a percussionist with the Penfield 
Symphony Orchestra and a member 
ofits board of directors. So the first 
PSOconcert of the season will be 
dedicated in his memory, and some 
ofhis friends will talk briefly about 
the popular musician. 
The concert begins at ,-:30 p.m. 
Oct. 19 at Browncrofl Community 
Church, 2530 Browncrofl Blvd., Pen· 
field. Rochester Philharmonic Or-
chestra principal percussionist Jim 
TIiier will be the featured soloist on a 
program that includes 
Mendelssohn's Hebrides Overture 
and Tchaikovsky's Sixth Symphony. 
For tickets, call 872-0774 
A fund has been set up in Don's 
name to buy music for the PSO. 
• Turning II on the rnh: Av«Y Ar· 
pnna, Mount Morris, Livingston 
County; Amy C()dy, Webster; Ashley 
Cope, Chili; Brandon Lewis. Ogden; 
Alexllllllra Pattison, Rochester; Jahn 
Wonkier, Henrietta. Anniversary: Eve-
lyn and Henry Kolansld, Irondequoit, 
5i'Ul- Belated wishes to Asllle Wllllen-
horst, Webster, 10 on the 10th. .J 
Carol Rltte.-ts rolumn app,Nrs we,ekdays and 
Sundays on pagt 38 and Saturdays on 18. 
can her a: 2$8·.lJ09 orw,itt;".fo her.at.55 UM 
dtdflgL"' Bfwt. Rodresttr.1461..f~ e,-ma.il: 
cdtter@Dem:ocraitanJChronick!.com 
Appendix 2 .. Mean date calculated for each core slice. 
Uncompacted Cum. Dry 
Mid Depth in Cum. Dry Wt. Mid CRS* Estimated 
Sample cm Wt. g·cm·2 Sam CIC1 Year CIC2 Year Year Year 
1 0.37 0.11 0.05 1998 ± 1 1998 ± 1 1998 
2 1.32 0.29 0.2 1997 ± 1 1997 ± 1 1997 
3 2.62 0.51 0.4 1995 ± 2 1995 ± 2 1996 
4 4.03 0.73 0.62 1994 ± 2 1994 ± 3 1994 
5 5.47 0.97 0.85 1992 ± 2 1992 ± 2 1993 
6 6.97 1.12 1.09 1990 ± 2 1990 ± 2 1991 
7 8.44 1.43 1.32 1989 ± 2 1989 ± 2 1990 
8 9.95 1.68 1.55 1987 ± 2 1987 ± 2 1988 
9 11.51 1.93 1.8 1985 ± 2 1985 ± 2 1986 
10 13.07 2.18 2.06 1984 ± 2 1984 ± 2 1985 
11 14.56 2.40 2.29 1982 ± 2 1982 ± 2 1983 
12 16.13 2.68 2.54 1980 ± 2 1980 ± 2 1981 
13 17.74 2.91 2.8 1978 ± 2 1978 ± 2 1980 
14 19.34 3.17 3.04 1976 ± 2 1976 ± 2 1978 
15 21.05 3.45 3.31 1975 ± 2 1974 ± 2 1976 
16 22.86 3.75 3.6 1973 ± 2 1972 ± 2 1974 
17 24.73 4.07 3.91 1970 ± 2 1970 ± 2 1972 
18 26.68 4.40 4.24 1968±2 1968 ± 2 1969 
19 28.67 4.72 4.56 1966 ± 2 1965 ± 2 1967 
20 30.54 4.95 4.84 1964 ± 2 1963 ± 2 1965 
21 32.50 5.32 5.14 1962 ± 3 1961 ± 3 1963 
22 34.67 5.67 5.49 1959 ± 2 1959 ± 3 1960 
23 36.69 5.94 5.81 1957 ± 2 1956 ± 2 1958 
24 38.56 6.21 6.07 1955 ± 2 1954 ± 2 1956 
25 40.49 6.52 6.36 1953 ± 2 1952 ± 2 1954 
26 42.54 6.85 6.68 1950 ± 2 1950 ± 2 1952 
27 44.55 7.11 6.98 1948 ± 2 1948 ± 2 1950 
28 46.64 7.48 7.3 1946 ± 3 1946 ± 9 1948 
29 48.86 7.79 7.64 1943 ± 3 1943 ± 2 1946 
30 51.05 8.11 7.95 1941 ± 3 1941 ± 2 1944 
31 53.31 8.47 8.29 1938 ± 3 1938 ± 3 1941 
32 55.48 8.76 8.61 1936 ± 2 1936 ± 2 1939 
33 57.80 9.18 8.97 1933 ± 3 1933 ± 3 1937 
34 60.60 9.65 9.41 1930 ± 3 1930 ± 3 1935 
35 63.42 10.07 9.86 1927 ± 3 1927 ± 3 1932 
36 66.12 10.52 10.3 1924 ± 3 1924 ± 3 1930 
37 69.01 11.05 10.78 1920 ± 3 1920 ± 4 1928 
38 72.09 11.58 11.32 1917 ± 4 1917 ± 4 1925 
39 75.18 12.08 11.83 1913 ± 4 1913 ± 4 1923 
40 78.19 12.57 12.32 1910 ± 3 1909 ± 4 1923 
*Calculation based on a Multiple Linear Regression with an R2 of 0.9994 and a Std Error of 0.6624 
+Based on subraction of sedimentation rate from incompacted mid points. 
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Appendix 2 .. Mean date calculated for each core slice. 
Uncompacted Cum. Dry 
Mid Depth in Cum. Dry Wt. Mid CRS* Estimated 
Sample cm Wt. g-cm-2 Sam CIC1 Year CIC2 Year Year Year+ 
41 81.17 13.07 12.82 1907 ± 3 1906 ± 4 1920 
42 84.20 13.60 13.34 1903 ± 3 1902 ± 4 1919 
43 87.25 14.08 13.84 1900 ± 3 1898 ± 4 1918 
44 90.26 14.53 14.31 1896 ± 3 1895 ± 3 1917 
45 93.27 15.00 14.76 1893 ± 3 1892 ± 3 1917 
46 96.40 15.52 15.26 1889 ± 4 
47 99.59 16.02 1886± 
48 102.88 16.59 1882± 
49 105.99 17.09 1878 
50 109.21 17.72 1874 
51 112.71 18.22 1870 
52 116.71 18.78 1866 
53 119.73 19.36 1862 
54 123.39 20.01 1858 
55 127.00 20.54 1853 
56 130.54 21.13 1849 
57 134.17 21.75 1845 
58 137.84 22.35 1840 
59 141.45 22.89 1836 
60 145.04 23.47 1832 
61 148.66 24.03 1828 
62 152.34 24.64 1823 
63 156.19 25.24 1819 
64 159.73 25.74 1814 
65 163.40 26.34 1809 
66 167.19 26.94 1804 
67 171.00 27.55 1800 
68 174.71 28.10 1795 
69 178.48 28.78 1791 
70 182.40 29.41 1786 
71 186.27 29.97 1782 
72 189.98 30.52 1777 
73 193.66 31.15 1773 
74 197.22 31.64 1768 
75 200.72 32.21 1765 
76 204.45 32.84 1760 
77 208.22 33.40 1756 
78 211.96 34.01 1751 
79 215.69 34.56 1747 
80 219.39 35.16 1742 
*Calculation based on a Multiple Linear Regression with an R2 of 0.9994 and a Std Error of 0.6624 
+Based on subraction of sedimentation rate from incompacted mid points. 
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Appendix 2 .. Mean date calculated for each core slice. 
Uncompacted Cum. Dry 
Mid Depth in Cum. Dry Wt. Mid CRS* Estimated 
Sample cm Wt. g-cm-2 Sam CIC1 Year CIC2 Year Year Year+ 
81 223.21 35.79 1738 
82 227.07 36.33 1733 
83 230.96 36.98 1729 
84 234.77 37.50 1724 
85 238.39 38.04 1720 
86 241.94 38.58 1715 
87 245.32 39.05 1711 
88 248.52 39.55 1708 
89 251.69 40.02 1704 
90 254.79 40.50 1700 
91 257.79 40.90 1697 
92 260.66 41.27 1693 
93 263.47 41.70 1690 
94 266.24 42.08 1687 
95 268.98 42.50 1683 
96 271.76 42.90 1681 
97 274.54 43.24 1678 
98 277.28 43.57 1674 
99 280.13 43.90 1671 
100 283.13 44.30 1667 
101 286.16 44.72 1664 
102 289.20 45.20 1660 
*Calculation based on a Multiple Linear Regression with an R2 of 0.9994 and a Std Error of 0.6624 
+Based on subraction of sedimentation rate from incompacted mid points. 
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Appendix 4 Sodus Bay Core Percents of Diatoms 
co ~ "'CJ" ~ c:, ,:r., "'CJ" LC') (.J:, (.J:, ,:r., "'CJ" ,:r., c:, ~ (.J:, (',,J (.J:, ,:r-, (',,J "'CJ" LC') ~ c:, (',,J "'CJ" co ,:r., ,:r., ....... ~ c:, 
,:r-, ,:r-, ,:r-, co co ~ (.J:, LC') "'CJ" ,:r., ,:r., (',,J ....... ....... c:, ,:r-, co (.J:, "'CJ" ,:r., ....... ,:r-, ~ (.J:, "'CJ" (',,J c:, ,:r-, co co (.J:, (.J:, 
,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, ,:r-, co co co co co co ~ ~ ~ ~ ~ ~ (.J:, (.J:, (.J:, (.J:, (.J:, 
...... ....... ....... ....... ....... ....... ...... ..... ..... ..... ..... ..... ..... ...... ..... ..... ..... ..... ..... ..... ..... ..... ..... ....... ..... ..... ...... ..... ...... ...... ...... ..... 
Achnanthes 0 0 0 0 0 2 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 0 0 0 0 0 0 0 
e A. clevii v. clevii 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 1 1 0 0 0 0 0 0 0 0 0 
0 A. exif!.ua v. exif!.ua 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
A. hauckiana v. haud 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
o-rr A. lanceolata 0 0 0 0 0 2 1 0 0 0 0 4 8 0 0 0 3 0 1 0 0 1 0 2 0 0 0 0 0 0 0 0 
A. lanceolata v. dubia 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
o-n A lanceolata v. lancec 0 0 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Achnanthes linearis 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
A linearis v. curta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o-rr Achnanthes minutissil 0 0 0 1 1 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A. pinnata v. pinnata 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Amphora 0 0 0 1 0 6 0 0 0 0 0 0 8 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 3 0 0 0 
Amphora ovalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
A. ovalis v. affinis 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
m A. ovalis v. pediculus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 
m Amphora perpusilla 0 0 0 1 0 15 0 0 0 0 0 0 0 0 0 4 5 0 1 2 0 1 1 0 0 2 0 3 0 0 0 0 
m Asterionella formosa 3 2 4 2 0 0 0 0 2 0 3 0 0 0 5 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
Attheya 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Aulacosiera 1 0 4 5 3 7 14 11 9 0 3 11 0 21 24 11 10 7 5 4 5 11 5 0 5 4 7 17 42 16 27 5 
m Aulacosiera ambif!.ua 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 16 2 3 0 0 0 0 
Aulacosiera f!,ranulat1 3 5 8 13 14 23 14 23 4 13 16 14 8 4 10 21 15 2 9 7 8 1 19 9 5 2 13 9 30 53 39 64 
o-e Aulacosiera islandica 0 0 0 0 1 3 0 0 0 0 0 0 0 0 0 7 0 13 1 3 1 6 3 0 3 0 0 0 0 0 0 5 
m-t Aulacosiera italica 6 10 11 23 28 18 20 30 26 13 8 4 8 4 5 14 13 21 22 6 16 25 16 7 8 20 18 3 6 6 3 5 
.i:,. 
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Appendix 4 Sodus Bay Core Percents of Diatoms 
co c- ""'l" c- C) (Y) ""'l" Ln (.0 (J:> (Y) ""'l" (Y) C) c- (.0 (""3 (.0 ,:n (""3 ""'l" t.n c- C) (""3 ""'l" co (Y) (Y) 
-
c- C) 
,:n ,:n ,:n co co c- (.0 Ln ""'l" (Y) (Y) (""3 ...... ...... C) ,;;-, co (.0 ""'l" (Y) ...... ,:n c- (.0 ""'l" (""3 C) ,:n co co (.0 (.0 
,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n ,:n co co co co co co c- c- c- c- c- c- (.0 (.0 (.0 (.0 (.0 
..... ...... ...... ...... ...... ....... 
- -
...... ...... 
-
...... ...... ...... 
-
...... 
-
....... 
-
...... 
- - -
...... 
-
...... 
-
...... ...... 
-
...... 
-A. italica v tenuissimt 0 0 0 0 3 2 2 0 0 0 0 0 0 0 0 0 0 2 4 2 3 4 2 4 8 2 2 0 0 0 0 0 
Caloneis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Caloneis bacillum 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C. bacillum. v angust£ 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 
C. bacillum. v therma 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Centric 15 18 10 4 2 0 5 5 4 9 0 11 0 4 0 4 0 1 0 3 5 0 0 2 0 2 1 11 0 3 3 0 
Cocconeis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cocconeis diminuta 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C. fluviatilis v. fluviat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C. pediculus v. pedici. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
m Coconneis placentula 2 1 2 2 0 1 1 2 0 0 0 0 0 4 5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
C placentula v euglyp 1 0 0 1 1 0 0 2 5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
m-( C. placentula v. lineai 0 0 1 1 3 0 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 
Coscinidiscus 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coscinodiscus lacustr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Cytostephanos sp. 3 3 3 1 1 2 0 0 2 0 0 0 0 4 0 0 0 0 0 0 3 0 0 2 0 0 0 3 0 0 0 0 
Cyclostephanos invisz 0 1 0 0 0 0 0 2 2 0 0 0 0 0 0 4 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 
Cyclotella 0 0 0 0 0 0 0 0 0 6 0 0 0 4 0 0 0 1 0 1 0 1 2 0 5 0 1 0 0 0 0 0 
m Cyclotella bodanica 0 0 0 0 0 0 0 2 0 0 0 0 0 4 0 0 0 0 0 0 0 6 0 0 3 2 0 0 0 0 0 0 
m Cyclotella comta 0 0 0 0 0 0 1 0 0 0 3 0 0 4 5 0 8 6 8 17 3 4 8 4 3 4 0 0 0 0 0 0 
Cyclotellaglomerata 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyclotella kutzin~iani 0 1 1 0 1 0 0 0 2 0 0 0 8 0 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Cvclotella meneghini, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 
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....... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ..... ...... ...... ...... ..... ...... ..... ..... ..... ....... 
o-n Cyclotella michif!.anil 0 0 0 1 2 0 0 0 0 0 0 0 8 7 14 0 3 4 1 0 0 4 1 4 5 0 0 0 3 0 6 5 
Cyclotella ocellata 1 2 4 0 0 1 1 2 0 0 0 0 0 4 0 4 0 0 1 2 4 0 0 0 0 0 1 3 0 0 0 0 
C. stellif!,era v tenuis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Cymbella 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Cvmbella amphiceph, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
m-1 Cymbella cistula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C. cymbi v. nonpunc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
C. minuta v. minuta 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C. sinuata v. sinuata 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cymbella turf!.idula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cymbella ventricosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Diatoma tenue 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Denticula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Denticula tenuis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Diploneis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
Diploneis oblonf!,ella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 
Epithemia 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 1 0 0 0 0 0 
E. adnata v. minor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
E. adnata v. proboscii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m-t Epithemia turf!,ida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fra~ilaria 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
e Fraf!,i!aria capucina 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Fra[!,ilaria construens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
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=~~~=m~~~~m~m=~~~~~~~~~=~~=mm-~= ~~~==~~~~mm~--=~=~~m-~~~~~=~==~~ ~~ ~~ ~~~= ==== ~ ~~
..................................... .,....... .,....... ........ .,....... .-I ........ ..-I .,....... ................................................................................ .,....... ...................................................... ........ 
F. canstruens v pumil O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
m Fragilaria cratanensi. 8 14 6 18 13 0 6 0 0 0 0 11 17 0 0 0 0 0 3 0 0 1 0 0 0 4 0 0 0 0 0 9 
Fra?,ilaria intermedia O O O 1 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Fra?,ilarifarma viresc O O O O O O O O O O O O O O O O O O O O O O O 2 0 0 0 0 0 0 0 0 
Gamphenema O 1 0 1 1 0 0 0 0 3 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0 0 0 0 
G. abbreviatum O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gamphenema gracile O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
e Gamphenema al ivace O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
m-t Gamphenema parvulz O O O O O O O O O 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
G. simus v. simus O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
Gyrasi?,ma O O O O O O O O O O 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Gvrisi?,ma acuminatu O O O O O O O 2 0 0 0 0 0 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Gyrasigma attenuatw O O O O O O O O O O 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Masta?,laia grevillei O O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 
Mastagloia smithii O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
M smithii v. lacustris O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
o-e Meridian circulare v . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula O 1 0 1 0 0 1 0 2 0 3 0 0 0 0 0 3 1 1 1 3 1 0 4 3 2 1 0 0 0 0 0 
Navicula americana O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
Navicula arvensis O 1 0 1 0 0 1 0 2 0 3 0 0 0 0 0 3 1 1 1 3 1 0 4 3 2 1 0 0 0 0 0 
Navicula bicephala O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
N. brackmanni v brae O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
N. capitata v. capitatc O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
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Navicula cincta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
m Navicula cryptocepha 0 1 0 0 0 0 1 0 0 3 0 0 0 0 0 4 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Navicula fluens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Naviculafruf!.alis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 0 0 0 
m N f!,astrum v f!,astrum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula hamberf!.ii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
N heufleuri v. heuflez 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
e Navicula lanceolata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Navicula minima 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 
Navicula miniscula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 3 0 0 
Navicula muralis 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula notha 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula odiosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m-~ Navicula pupula v. pi. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m N radiosa v radiosa 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e N scutelloides v scutt 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N seminulum v. radic 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N seminuloides v. serr, 0 0 0 0 0 0 0 0 2 0 0 4 0 4 0 0 3 0 0 2 0 0 0 2 0 0 1 0 0 0 0 0 
e N seminulum v semim 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 3 2 4 3 0 0 3 0 0 0 0 
Navicula sinf!,ensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula solinarum 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N subminiscula v sub 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N. svmmetrica v svmn- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
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N tantula v. tantula O O O O O O O O O 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N tenelloides v. tenet. 1 1 1 1 1 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N tenera v tenera O O O O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 
e Navicula trivunctata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Navicula vaucheriae O O O O O O O O O O O O O O O O O O O 1 0 0 1 0 3 0 0 0 0 0 0 0 
N viridula v. avenace O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
N viridulla v. rostella O O O O O O O O O O O O O O O O O O O O O O O O 3 0 0 0 0 0 0 0 
Nitzschia O O O O O O O O O O O O O O O O O O O O O O 1 0 3 0 0 0 0 0 0 0 
e Nitzschia amphibia O O O O O O O O O O O O O O O O O O O O O O O O 3 0 0 0 0 0 0 0 
Nitzschia anR;ustata O O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 
Nitzschia confinis O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m-e Nitzschia dissipata O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e N frustulum v. _frustu, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N kuetzinR;iana v. kw. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nitzschia levidensis O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
m Nitzschia pa/ea O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ovevhora martyi O O O O O O O O O O O O O O O O O O 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pennate 2 3 3 2 3 0 2 5 2 3 5 0 0 7 0 0 3 1 3 2 5 0 1 2 0 0 1 6 0 0 6 0 
Pinnularia O O O O O O O O O O O O O O O O O O O O O O O O 3 0 0 0 0 0 0 0 
P. leptosoma v. leptos O O O O O O O O O O O O O O O O 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pinnularia obscura O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 
e Pseudostaurosira bre 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 5 
P. brevistriata v. inf/a O O O O O O O O O O 3 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
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m Punctastriata linearij 0 0 0 0 0 1 0 0 0 0 0 0 8 4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Punctastriata pinnata 0 0 2 1 5 0 0 2 0 9 3 4 0 0 0 11 3 0 3 4 8 1 0 7 0 2 7 11 3 0 9 0 
e Rhoicosphenia curvai 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Rhovalodia zibba 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stauroneis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Staurosira canst v. bi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
m S. construens v. canst, 0 0 0 0 0 0 1 0 0 3 0 0 0 0 5 0 0 4 0 6 0 0 4 0 0 0 7 3 0 0 0 0 
S. construens v. subsa 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 5 6 0 3 0 0 
S. construens v. triune 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Staurosira cons v. ver. 0 0 0 0 0 0 2 3 0 3 0 0 0 4 0 0 3 0 1 0 0 0 2 5 0 2 0 3 0 0 0 0 
Staurosirella constrm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 2 0 0 0 0 0 0 0 0 
m S. construens v. cons 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Staurosirella vinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 5 0 2 0 1 1 0 5 2 3 6 0 0 0 0 
S. pinnata v. intercedi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 
Stevanodiscus 1 1 2 3 1 1 1 0 0 0 3 0 0 0 0 0 0 0 0 2 0 0 1 0 3 0 6 0 0 0 0 0 
m-~ Stepanodiscus alvinu" 2 2 7 5 7 0 1 3 0 6 5 11 0 0 0 4 0 4 8 3 4 4 2 9 8 6 1 6 0 3 3 0 
Stevhanodiscus astrm 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stephanodiscus binde 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Stevhanodiscus delicc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
e Stepanodiscus hantzs, 16 6 10 3 1 1 2 2 11 3 5 11 0 0 10 0 3 1 1 1 0 1 1 0 0 2 0 0 0 0 0 0 
e Stevanodiscus niaz.ar1 0 0 1 3 0 2 5 2 0 0 3 4 0 4 0 4 8 7 10 8 17 5 15 20 8 10 11 0 3 3 0 5 
e Stephanodiscus varvu 19 18 15 3 2 0 4 2 13 0 5 11 8 14 0 0 3 0 1 2 0 0 0 0 0 0 0 0 0 0 3 0 
Stevhanodiscus tenuij 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 0 0 0 
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..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ....... ..... ....... ....... ....... ....... 
Surirella an:;zusta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Surirella ovata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Surirella ovata v. pin, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Surirella suecica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synedra parasitica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 
S. radians v. radians 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
S. rumpens v. familia1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synedra socia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Synedra tenera v. teni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
me Tabellaria fenestrata 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 1 3 4 5 3 1 0 3 0 0 0 0 0 0 0 
Thalassiosira 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Totals minus A. :;zranulata 
Oliotrophic-Mesotro-i: 1 0 1 2 4 2 1 0 0 6 0 4 17 7 14 0 5 7 1 1 0 5 1 5 5 0 0 0 3 0 6 5 
Mesotrophic 15 19 14 23 18 18 13 6 4 19 8 14 25 14 29 18 18 17 15 32 13 20 15 15 10 33 20 26 3 0 9 9 
Mesotrophic-Eutroph1 9 13 20 29 38 19 21 35 26 22 19 14 8 4 5 18 18 26 32 13 25 32 21 18 18 27 19 9 6 9 6 5 
Eutrophic 40 27 25 9 4 4 12 6 24 3 19 25 8 18 10 4 15 11 15 13 18 10 19 24 13 18 13 6 6 6 3 9 
LTSI 7.2 6.3 7.2 5.6 5.9 5.0 6.5 9.4 11 4.5 8.3 6.3 2.6 4.3 2.6 5.2 4.9 5.2 7.0 4.4 7.4 5.6 6.6 6.1 5.9 5.5 5.7 4.1 5.7 3.2 4.3 
